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紫外-可见吸收光谱测试表明 FP1-FP5 在 400-490 nm 范围内的吸收均强于
PC61BM。循环伏安测试结果表明它们的 LUMO 能级与 PC61BM较为接近。以聚
(3-己基噻吩)(P3HT)为给体，FP2 和 FP3 为受体的聚合物太阳能电池的最高能量
转换效率分别为 3.27%、3.30%，与 P3HT:PC61BM的器件效率相当，这说明特定
位置的甲氧基取代对光伏性能有显著影响。另外，我们还探索了以窄带隙聚合物
PTB7 为给体，FP2 和 FP3 为受体的器件的光伏性能。  
我们合成了一系列 N-苯富勒烯吡咯烷电子传输层材料(FP6-FP9)，紫外-可见
吸收光谱测试表明 FP6-FP9在 400-480 nm范围内的吸收均强于 PC61BM。循环
伏安测试结果表明它们的 LUMO 能级与 PC61BM 较为接近。首先我们将其用于
钙钛矿太阳能电池电子传输层研究，其中，FP6，FP7 的器件效率分别为 14.82%，
12.29%。接下来，我们制备的以 P3HT为给体，FP6和 FP9为受体的聚合物太阳
























































With the rapid development of science and technology and the continuous 
improvement of the industrialization, the consumption of traditional fossil energy is 
increasing, which directly leads to energy shortages and serious environmental 
problems. So it is urgent to develop new renewable energy sources. Solar energy has 
attracted people's attention because of its advantages of universality, cleanness and 
permanency. Polymer solar cells and perovskite solar cells have been regarded as two 
promising photovoltaic technologies due to their merits, such as low cost, simple 
processing, lightweight and the possibility to be fabricated on flexible substrates. 
Currently, the soluble fullerene derivatives, including [6,6]-phenyl-C61-butyric acid 
methyl ester(PC61BM) and its corresponding C70 derivative PC71BM, have became the 
dominant acceptors/electron transport layers in high performence polymer/perovskite 
solar cells. Nevertheless, PC61BM and PC71BM suffer from some intrinsic drawbacks 
such as relatively low lowest unoccupied molecular orbital (LUMO) and weak visible 
absorption. Therefore, developing novel materials is highly desirable, which can not 
only overcome the above-mentioned issues, but also mimic the superior electron 
transporting behaviour of fullerene. In this thesis, a series of fulleropyrrolidine 
derivatives were synthesized via Prato reaction and applied as acceptors/electron 
transport materials in polymer/perovskite solar cells.  The optical, electrochemical and 
photovoltaic properties of these fullerene derivatives were also evaluated. 
A class of alkoxy substituted N-phenyl-[60] fulleropyrrolidine derivatives were 
synthesized (FP1-FP5), UV-vis absorption measurements showed that FP1-FP5 all 
have stronger absorbtion than PC61BM in the range between 400 and 490 nm. Cyclic 
voltammetry results showed that the LUMO energe levels of FP1-FP5 are similar to 
that of PC61BM. The photovaltic performance of the polymer solar cells based on a 
blend of fulleropyrrolidine with poly (3-hexylthiophene)(P3HT) was investigated. As 
















of 3.27% and the P3HT:FP3 device showed the best PCE of 3.30%, which were 
similar to that of P3HT:PC61BM. This indicates that the specific position of the 
methoxy substitution has a significant effect on the photovoltaic performance of 
fulleropyrrolidine derivative. In addition, we also explored the photovoltaic 
performence of polymer solar cells based on FP2 and FP3 blended with narrow 
bandgap polymer PTB7. 
A series of N-phenyl-[60] fulleropyrrolidine electron transport materials were 
synthesized (FP6-FP9). UV-vis absorption spectra of these derivatives showed that all 
of them have stronger absorbtion than that of PC61BM in the range between 400 and 
480 nm. Cyclic voltammetry results showed that their LUMO energy levels are 
similar to that of PC61BM. The PCEs of perovskite solar cells using FP6/TiO2 and 
FP7/TiO2 as electron transport layers were 14.82%, 12.29%, respectively. Meanwhile, 
the photovaltic performence of polymer solar cells based on a blend of 
fulleropyrrolidine with P3HT was also investigated. The P3HT:FP6 device exhibited 
the highest PCE of 2.67% and the P3HT:FP9 device showed the best PCE of 2.69%. 
In addition, we also explored the photovoltaic performence of FP6 based on narrow 
bandgap donor PTB7. The highest PCE of PTB7:FP6 device was 5.63%. Compared to 
methoxy groups, the thienyl-substituted N-phenyl-[60] fulleropyrrolidine may have 
better compatibility with narrow bandgap polymers.  





































































图 1.1 太阳能电池效率图[10]2 
 
1.2 聚合物太阳能电池的发展简述 
1986 年邓青云最先报道了基于 P-N 结的双层有机光伏器件[11]，器件效率约
为 1%，填充因子高达 65%，这引起了科学家对有机太阳能电池的关注。六年以
后 ， Heeger 和 Wudl 的 课 题 组 观 察 到 了 从 共 轭 聚 合 物 poly 
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